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INTRODUCTION
Breast cancer is the most commonly diagnosed cancer among women worldwide. [1] The major risk factors for this disease are female gender, early menarche, or late menopause. Within menopausal groups, premenopausal females are at much higher risk, although only 30% of all patients with breast cancer are premenopausal. Null parity, older age at first birth, family history of breast cancer, personal history of proliferative benign breast disease, and history of radiation exposure are other factors associated with the origin of breast cancer. [2] Female breast cancer at young age can be considered as a more aggressive subtype, such as triple negative or HER2-positive breast cancer. It is more likely to present at an advanced stage in young women, either because of its biological aggressive subtype or because of delayed diagnosis. As a result, more loco-regional recurrences and distant metastases may occur in these patients, which contributes to the poorer outcome. [3] Study reveals that breast cancer is characterized by its molecular and clinical heterogeneity. According to gene expression profiling studies, it is classified into four major categories: luminal A, luminal B, HER2 (+), basal-like, and normal breast-like. [4, 5] Both luminal A and B types are estrogen receptor positive (ER+), but the A type has progesterone receptor (PR+) and no HER2/neu receptor, whereas the B type is either triple positive or PR−. The HER2 type over expresses only HER2/neu receptor. Basal-like tumor is more commonly negative for all three receptors. On the other hand, approximately, 73% of triple negative tumors are basal-like. [6, 7] Triple-negative subtype shows a unique molecular profile and most clinically aggressive behavior. [8] Diagnosis and treatment of this disease at young age remains a major challenge because of its strong clinical, morphological, and genetical differences. [9] There are some clinical parameters such as tumor size, lymph node (LN) involvement, histological grade, and circulating marker such as cancer antigen 15.3 (CA 15.3) that have been used as predictive marker as well as for diagnosis and treatment of patients. [10, 11] Many reports have suggested that CA 15.3 can be used as an independent prognostic marker in breast cancer. [12, 13] However, still understanding breast cancer in molecular level is an enigma to the researchers. Furthermore, differences in the etiology of the respective breast cancer subtypes are not fully understood.
In the present study, we stratified breast cancer patients according to menopausal status and studied the distribution of the various molecular subtypes in these groups. The aim of our study is to observe: (a) The nature of tumor of certain molecular subgroups and patients with postoperative (PO) elevated CA 15.3 group by relating it to traditional predictive factors, that is, tumor size, grade, LN metastasis, and (b) whether it varies within pre-and post-menopausal patients
MATERIALS AND METHODS

Patients
A total of 95 female breast cancer patients who underwent surgery were considered for inclusion in this study. All patients were aged between 20 and 75 years and had no metastasis at the time of primary diagnosis. Patients with any other malignancy from their previous history or undergoing chemotherapy or radiotherapy were excluded from the study. Relevant clinical data such as menopausal status and age were collected. All patients gave written informed consent. Patients were treated with either modified radical mastectomy (MRM) or breast conservation therapy (BCS). After completion of surgery, radiotherapy and appropriate adjuvant chemotherapy or hormone therapy were administered as per the international guidelines.
Collection of sample
Blood samples were collected in clotting vials from all patients and serum was separated by centrifugation. Serum was used to test CA 15.3 level. Paraffin embedded tissue blocks were collected. Histopathological characteristics of tumor such as tumor size, grade, and involvement of LN were taken after the biopsy. ELISA CA 15.3 level was measured on the preoperative day by Sandwiched method of ELISA. The test was repeated on certain selected PO days to compare the marker level. Patients who showed marker level above the cut off 25 U/ml [14] on PO follow-up were considered as PO raised CA 15.3. Assay was performed according to Calbiotech ELISA kit (Ref CA153T; LOT RN-50051). Optical density was read by ELISA plate analyzer (Robonik Readwell Touch) at 450 nm within 15 min. Immunohistochemistry 2-7 µm section of tissues were sliced by microtome and layered on poly-L-lysine coated glass slides. Slides were put in the incubator at 65°C for 30-40 min, dipped in xylene-I, and then xylene-II. The slides were dipped in different concentrations of alcohol for dehydration. All the slides were then immersed in hot citrate buffer for antigen retrieval, cooled and washed with Tris buffer. The slides were allowed for peroxide blocking for 5-8 min and then for protein blocking for 8-10 min. The slides were wiped clearly. Primary antibodies for ER, PR, and HER2/neu were applied for 45 min and washed. With postprimary block, the slides were incubated for 30 min. Novolink polymer was added for 30 min. All the slides were washed with Tris Buffer. DAB chromogen was applied for 3-5 min. After rinsing properly, hematoxylin was applied for 5 min. Dehydration was done again as mentioned before. Finally, all the slides were mounted before examination (Novolink Min Polymer Detection System-Leica, Ref RE7290-K, LOT 6030030. Anti-ER: Rabit monoclonal, Anti-PR: Rabit monoclonal antibody, Anti-Her2/Neu: Mouse monoclonal antibody; Cell Marque, USA. All antibodies are in ready to use form [diluted in TBS, pH: 7.3-7.7 with carrier protein and preservatives]).
Follow-up
ELISA for CA 15.3 was performed at a regular interval for up to 2 years.
Ethics
Before commencement of the project, Human Ethical Committee clearance was obtained for carrying out the project work. Written informed consent form in three local languages (English, Hindi, and Bengali) was obtained from each of the patients prior to their recruitment in the study.
Statistical analysis
The collected data was statistically analyzed and the significance levels were ascertained. Statistical analysis was performed with Statistica version 6 (Tulsa, Oklahoma: StatSoft Inc., 2001). Descriptive statistical analysis was performed for numerical variables to calculate mean, median, and corresponding standard deviations. Pearson Chi-square test and Fisher' exact test (two-tailed) were used to compare the categorical variables. Significance level was set at P < 0.05.
RESULTS
All the patients were distributed according to menopausal status [ Table 1 ]. The mean menopausal age of total 95 breast cancer patients was measured 45.3 years. 37.8% of total studied breast cancer patients were premenopausal, whereas 62.2% were postmenopausal.
Prevalence of patients with luminal subtypes (i.e., Luminal A, luminal B, Her2/neu positive, and triple negative), ER+ type (irrespective of other two receptors), and PO high CA 15.3 type were observed among pre-and post-menopausal breast cancer patients [ Table 2 ]. The difference in the prevalence of luminal A and triple-negative breast cancer between premenopausal and postmenopausal cases was statistically significant (P = 0.012, P = 0.032). 55.9% of patients were accounting for ER+ type from the postmenopausal group, but the difference of distribution between two menopausal groups was found not significant. Similarly, higher percentage (55.5%) of premenopausal patients showed PO raised CA 15.3 level, but no significant difference (P = 0.527) was detected in marker levels between premenopausal and postmenopausal groups. The other two subtypes -luminal B and HER2/neu were observed in very low frequency among patients; hence, they were not included in the further investigation.
Tumor characteristics of certain molecular group, that is, luminal A, ER+, triple negative, and patients with PO raised CA 15.3 group were summarized in Table 3 . These groups differed significantly either by tumor size, grade, and the number of LN metastasis. It was observed that luminal A, ER+, and triple-negative type breast tumors showed aggressive nature as they were mostly of grade 3 type and had large numbers of LN metastasis. Patients with postoperatively elevated CA 15.3 had significantly high number of node metastasis (P = 0.023).
It was further investigated whether the tumor aggressiveness of different groups was related to menopausal status of patients.
The prevalence of grade 3 luminal A type tumors (P = 0.016) was significantly high in postmenopausal patients only. ER + grade 3 tumors were predominated in both menopausal groups (P = 0.037, 0.033). Only significant numbers of premenopausal patients showed ER + tumors with high LN metastasis (P = 0.011). In case of triple negative subtype, most of the premenopausal patients exhibited more aggressive tumors in terms of high grade (P = 0.017) and large number of node metastasis (P = 0.001) than postmenopausal group. Menopausal status had not showed any significant impact on the postoperatively elevated CA 15.3 level and any of the traditional predictive parameters [ Table 4 ].
DISCUSSION
Breast cancer in young aged women comprised a small proportion of the total incidence, [3] but its burden on older counterpart is very high. Risk factors that have been proved to be associated with the breast cancer do not have the same impact on young and older patients. This can be explained by hormonal condition which may be an important part in breast carcinogenesis and differentiation.
In the present study, we found that occurrence of luminal A type tumors was higher in postmenopausal breast cancer patients. On contrary to our finding, Lin et al. reported that young Taiwanese patients with breast cancer had a higher prevalence of luminal A subtype. [15] Our result was in agreement with several prior studies. Highest prevalence of luminal A was evident among postmenopausal white women. [16] Carey et al. also reported that luminal A subtype was more frequent among postmenopausal African-American (59%) or non-African-American (54%) women compared with premenopausal African-American women (36%). [17] ER+ tumors were found to be higher among postmenopausal women than that of premenopausal women which was supported by a study conducted on Turkish breast cancer patients. [18] Other reports suggested conversely that ER/PR negative, HER2 positive, and high-grade type tumors were highly predominant in young breast cancer patients. [19, 20] Yamamoto et al. explained the reason behind ER + tumors in postmenopausal patients. Increase of ER+/PR− tumors in patients older than 50 years could be due to the decrease in circulating estrogen after menopause. [21] We observed that triple negative cases were greater in percentage in premenopausal patients. The result was consistent with previous findings where Carvalho et al. reported that triple negative tumors were over represented in breast cancer patients of 35 years old or younger age. [22] CA 15.3 level [23] We observed that high percentage of premenopausal patients showed elevated marker level in PO period compared to the postmenopausal group. However, we found no significant differences of PO elevated marker level between pre-and post-menopausal groups.
Nature of aggressiveness of luminal A, ER+, triple negative groups, and PO elevated marker group was analyzed by observing their tumor characteristics. Tumor size 5 cm or more, grade 3, and LN metastasis 4 or more was incorporated as parameters to investigate disease aggressiveness of above group. In general, the luminal A tumors were tend to be smaller in size, lower histologic grade, and less likely to have nodal involvement than the other molecular subtypes. [4] Another report by Zaha et al. showed that most of luminal A tumors were of medium grade. [24] However, the present study found that significant numbers of luminal A tumors were from high-grade category. The association between ER+ breast tumor and LN metastasis has been studied previously. ER expression level varies greatly between primary and metastatic breast tumor. [25] In addition, if the primary tumors are ER+, then the probability of retaining the receptors is more than 80% in case of LN metastases and 65-70% in case of distant metastases. [26] Our studied subject did not have any sign of metastasis during primary diagnosis, though we found that significant numbers of ER+ cases possessed high grade and higher node metastasis. Estrogen level might play a role in attributing the spread of tumor cells from the primary site or their deposition and growth at metastatic sites. The exact mechanism of hormone responsiveness in LN microenvironment was not clear. Triple negative groups were more aggressive since significant number of cases were represented with high grade and had large number of LN metastasis. This was consistent with several prior investigations. [17, 27] Another two studies showed that patients with basal-like subtypes were associated with a higher prevalence of grade 3 tumors. [4, 15] Significant numbers of patients from PO elevated CA 15.3 group were characterized by high LN metastasis in our study. No significance was obtained in the prevalence of PO elevated patients with high tumor size and high grade. This result was supported by similar other studies. CA 15.3 was reported to be elevated with the increase of LN positivity. [28] Mahindocht Keyhani et al. found a significant correlation of PO CA 15.3 elevation when node metastasis was ≥4.
They did not observe any significant correlation between marker elevation and patient's tumor size. [29] Higher preoperative CA 15.3 concentrations are generally associated with large tumor size and increasing nodal burden. After surgical removal of tumor, PO elevation of CA 15.3 level with nodal involvement might be an indicator of the metastatic diffusion of breast cancer.
The present study also monitored the influence of menopausal status with respect to the aggressive tumor features of few molecular subtypes. The prevalence of patients with large tumor size and any of the subtype did not differ by menopausal status. Evidence suggests that luminal A tumors in premenopausal breast cancer patients are likely to be grade 1 and 2. [30] In our study, luminal A subtype was aggressive in postmenopausal group than premenopausal one by correlating with grade 3 tumors. ER + tumors were aggressive in both menopausal groups when characterized by high grade and only in premenopausal patients by showing intense nodal involvement. Premenopausal patients with ER positivity and high LN metastasis were significantly noticeable. Triple-negative patients only at premenopausal age showed aggressive tumor in terms of high grade and node metastasis. There were no supporting findings on the variation of clinicopathological tumor characteristics of molecular subtypes by menopausal status. Plausible explanation for more aggressive breast tumors in premenopausal triple-negative and premenopausal ER+ patients than postmenopausal ones might be due to the variation of certain cycle related factor between pre-and post-menopausal groups and that could affect recurrence or overall survival.
CONCLUSION
A study of 95 breast cancer patients from Eastern India showed breast cancer is still more common in the elderly and the postmenopausal patients such as the developed countries. for receptor were aggressive in nature by exhibiting high grade and large numbers of LN metastasis. Though our result is indicating that menopausal status can give greater accuracy in predicting the aggressiveness of tumor of few molecular subtypes when correlated with grade and nodal metastasis, our small sample size is insignificant to draw a direct extrapolation to the general population; it gives scope for similar studies to establish Indian statistics.
